Purpose-The purpose of this study was to measure the prevalence and configuration of dependent loops in urinary drainage systems in hospitalized, catheterized adults.
Introduction
A dependent loop is formed by excess drainage tubing in a urine drainage system where urine or liquid can accumulate (Figure 1 ). Dependent loops trap drained urine and are suspected of impeding bladder drainage and increasing the residual volume of retained urine in the bladder 1 . Dependent loops have been associated with an odds ratio of 2.1 for developing catheter-associated urinary tract infection (CAUTI). 2, 3 Our hospital's procedure manual, 4 CAUTI prevention guidelines from the Wound, Ostomy and Continence Nurses Society, 5 and manufacturer instructions for the urine drainage system used at our hospital 6 recommend avoiding dependent loops in urine drainage tubing.
Urinary tract infections are the most frequent, accounting for 60% of device-associated nosocomial infections in clinical settings 7 . The overwhelming majority of hospital acquired urinary tract infections (80%-90%) are caused by urinary catheters. The Centers for Medicare and Medicaid Services have classified hospital-acquired CAUTI as a "never event" for which hospitals will not receive additional reimbursement to cover the cost of therapy. A never event is generally defined as one that should not occur in the course of ordinary evidence-based care. 8 Our hospital policy includes surveillance for CAUTI as part of routine quality metrics using the standard methodology for determination of CAUTI as prescribed by the National Health Safety Network. 9 Rates are calculated as occurrences per 1,000 catheter days and are reported for every inpatient unit. Intensive care units have the highest catheter use rates. In 2012, NHSN reported that over 80% of patients in general adult medical surgical intensive care units and 88% of patients in neurosurgical intensive care units have an indwelling urinary catheter 7 , which is consistent with historical utilization data from our own institution. Our internal data also reveal CAUTI rates above the National Health Safety Network 25th percentile. Medical/surgical units have an average of 4 to 7 patients per day with an indwelling catheter. Current national and local strategies to decrease the incidence of CAUTI have focused primarily on decreasing the length of time patients have a catheter. 10 Avoidance of urine-filled dependent loops, as a factor that can potentially increase the likelihood of developing a urinary tract infection, is not consistently recommended for prevention of CAUTI 10 . Our institution has adopted avoidance of dependent loops based on current best evidence, but this has been challenging to implement as every change in patient position alters tubing position. Beyond removal of the urinary catheter as soon as clinically indicated, routine urinary catheter care to decrease CAUTI has focused on catheter securement to prevent movement up and down the urethra, placement of the urinary drainage bag below the level of the bladder, and basic perineal hygiene. These care strategies, along with early catheter removal, have been somewhat successful in decreasing CAUTI at our hospital (an overall 30% drop in the rate from 3.91/1,000 catheter days in fiscal year (FY) 2010 to 2.73/1,000 catheter days in FY 2011) but we achieved no further gains in reduction of the CAUTI incidence in FY 2012.
Based on these data, we elected to explore additional strategies to further reduce CAUTI incidence using our prevention bundle. One of the strategies we explored was the presence of urine filled dependent loops in the drainage systems of patients with indwelling urinary catheters. As noted earlier in this article, a literature search found inadequate evidence to determine a causative link between urine-filled dependent loops and an increased risk of CAUTI. Before investing the time and effort to examining whether there is a causal relationship between dependent loops and CAUTI, we elected to determine the prevalence of dependent loops among patients with indwelling urinary catheters, which was the goal of this clinical study.
Methods
We conducted a prevalence study over 2 consecutive days and completed one additional study day 2 weeks later. All data were collected in a large academic health center in the southeastern United States. The study sample comprised all patients 18 years or older who had an indwelling catheter in place and were in an adult intensive care unit, intermediate care unit, or a medical/surgical unit and were identified from a hospital electronic database. Research nurses notified the charge and patient nurses that data and measurements would be collected, but the catheters would not be manipulated. If the nurse indicated the patient was alert or had family present, the research nurse approached the patient or family, explained the study procedure, and elicited verbal consent to collect the measurements. If the patient or family declined to participate, the patient was not included in the study. If the patient was not alert and the family was not present, only the patient data that did not require any physical contact was collected (height measurement for specified locations in the urinary drainage system). No protected health information was collected. No patient was identifiable once the measurements were obtained. Measuring prevalence requires sampling of "what is" from a population describing the proportion of the population having a condition. As we were not collecting PHI, the study methodology was planned to include all patients during the study period having a urinary catheter where the tubing configuration could be assessed. Some of these patients were cognitively unable to consent for the study and no family were present. To more completely represent the population of interest, we did not wish to eliminate these patients from the study. Research procedures were reviewed and approved by the University of Florida Institutional Review Board.
Research nurses examined patients with indwelling urinary catheters to determine the presence or absence of dependent loops in the urinary drainage tubing configuration and whether loops were fluid filled. All patients were in bed or on stretchers when assessed for the study. Data from experiments we have conducted with a simulated bladder model indicate that the heights of the menisci formed by the urine in the dependent loop may be relevant to urine drainage 1 , and we applied these findings to this study. We first identified whether dependent loops were present and fluid filled, followed by measurement of fluid meniscus height elevations using a laser leveling device (Figure 2) . Specifically, research nurses obtained the following study measurements: 1) presence or absence of dependent loops, 2) height of the bed/surface, crest and trough of dependent loops, and, 3) if urine was present in the dependent loop, the patient-side and bag-side meniscus heights for each fluid meniscus. Current best practices require that urinary drainage tubing not rest on the floor, as contamination of collection tubing or drainage bag is associated with an increased risk of CAUTI due to migration of organisms up the tubing to the patient. 10 We also recorded the number of cases where the urine drainage tubing was touching the floor and the type of unit (ICU vs medical-surgical unit) for each subject.
Study Equipment and Measurement Procedures
Meniscus elevations are hard to read without parallax error, especially when the meniscus is close to the ground. We designed and built a laser height measurement system to facilitate and expedite contactless measurement to minimize inconvenience and the risk of patient infection from conducting the measurements (Figure 2 ). We adapted a laser leveling device (BDL220S; Black & Decker, Towson, MD; low power 2.2 mW, 633-670 nm, Class 2 laser product) commonly used to project a horizontal red line on a wall, e.g., to hang pictures level) and attached it on a slider that travels up and down the vertical shaft of a mobile IV pole. The horizontal visible beam from the laser leveling device was vertically adjusted (by sliding along the IV pole) until the visible beam impinges the meniscus or location whose elevation is desired. The laser leveling device can be aimed to impinge at any elevation from almost floor level (~1 cm) to 83 cm (2.7 ft). A Class 2 laser is similar to laser pointers used during class lectures and is safe during normal use 15 . A meter ruler (with mm graduations) is mounted parallel to the IV pole and vertically offset 35.5 cm higher than the laser leveling device so that the user did not have to stoop down to the floor to read the ruler in instances where the menisci levels are close to the floor (Figure 2 ).
To measure the difference in meniscus elevation, the laser beam was set to impinge the higher level meniscus and the elevation was read from the ruler and recorded into a mobile laptop computer running Excel (Microsoft, Redmond, WA). The visible beam was next aimed at the lower meniscus and the elevation was again read from the ruler and entered into the laptop.
The elevation of the crest (Figure 1 ) of the bag-side limb of the dependent loop was measured. The crest elevation determines the maximum bag-side meniscus height in the event of a urine-filled dependent loop that is never emptied. The proximity of the bag-side meniscus to the crest provides an indirect measure of the time elapsed since the last time the dependent loop was emptied. The height of the trough of the dependent loop was also measured and recorded, as well as the elevation of the bed. Subjects with a bed or tubing height outside of the measurement capabilities of the equipment (>83 cm high) were excluded from analysis.
The urine drainage systems used in patients were pre-connected closed-system Foley trays (all-silicone 400 series temperature-sensing, anti-microbial Foley catheter with hydrogel and Bacti-Guard silver alloy coating; bacteriostatic drainage tube and bag; REF 319516AM, CR Bard, Inc., Covington, GA). The specific catheter size was not included in the data collection for this study; however, our institution's standard catheter size during the study period was 16 French. The standard size was subsequently changed to 14 French in 2012.
Results
Of 141 hospitalized patients who were observed, valid data sets were collected on 133 patients. A dependent loop was present in 113 of 133 (85%) of the urine drainage systems. One hundred six of the 113 (93.8%) drainage systems with dependent loops contained urine at the time of observation ( Table 1 ). The percentage of urine drainage systems with dependent loops varied between the 15 different hospital locations where the data were collected, ranging from 100% to 86.1%.
Of 106 urine drainage systems with trapped urine noted in the dependent loops, 4 systems had heights exceeding 83 cm, the upper range of the laser measurement system, and another 4 systems had incomplete data sets, leaving 98 urine drainage systems with urine-filled dependent loops and complete data sets. Of these 98 systems, the bag-side meniscus height (H b ) was higher, the same, and lower than the patient-side meniscus (H p ) in 64, 2, and 32 patients, respectively. The difference in meniscus height (ΔH = H b − H p ) was 8.2 ± 5.8 cm (range 0.2-25.9 cm; median 7.6 cm) when H b > H p (65.3%) and −12.2 ± 9.9 cm (range −0.2 to −39 cm; median −8.8 cm) when H b < H p (32.7%; Table 2 ).
The crest height (H c ) was 45.1 ± 11.1 cm (median 43.1 cm). The bottom of the loop touched the floor in 6 of 113 (5.3%) drainage systems with dependent loops. The height of the trough of the dependent loop (H t ) was 27 ± 16.7 cm. The bed height was 72.6 ± 11.98 cm in 73 subjects where this measurement was obtained.
Discussion
Existing urine drainage resources do not consistently address management of dependent loops in urine drainage systems 5, 12, 13 . For example, 2 online resources (Up To Date® and Mosby Skills®) do not mention dependent loops in urine drainage systems. 12, 13 A CAUTI Fact Sheet from the Wound, Ostomy and Continence Nurses Society recommends "Keep the collection device below the level of the bladder/tubing." 5 This recommendation does not explicitly mention or offer guidance concerning management of dependent loops.
Additionally, our hospital's Prevention of Urinary Tract Infections (UTI) Policy and Procedure document 4 states: "Place the bags at the foot of the bed in order to avoid dependent loops and enhance visibility." Again, there are no figures or photographs to depict a "dependent loop" to those unfamiliar with that term; furthermore, placing the bag at the foot of the bed does not in and of itself guarantee that there will be no dependent loop. Manufacturer instructions for use from Bard (C. R. Bard Inc. Covington GA) user instructions 6 emphasize: "Important: Position drainage tube in a straight fashion from catheter to drainage bag". We believe that this instruction may not be especially helpful if the reader is not aware that this instruction relates to dependent loops. The 85% prevalence of dependent loops in urine drainage systems of hospitalized patients found in this study clearly indicates poor adherence to policy or instruction or lack of awareness of such by hospital personnel.
Those catheter care protocols that do include instructions to the nurse to place the urine collection bag at the end of the patient bed to avoid dependent loops do nothing further to Danek et al. Page 5 address the potential significance of a dependent loop or the relationship of a dependent loop to urine retention and the reported association with CAUTI. This observation may point to the need for education and training with respect to dependent loops.
Garcia and colleagues 14 measured residual volumes in catheterized patients using transabdominal bladder volumetric ultrasonography with a Diagnostic Ultrasound 3.5 MHz transducer. In 75 intensive care and 75 general medical/surgical patients with urinary catheters, mean retained urine volumes were 96 mL (range 4-290 mL) and 136 mL (range 22-647 mL), respectively. Although the Garcia study did not measure the prevalence of dependent loops or meniscus height differences in urine-filled dependent loops, the authors postulated that the dependent loops may have contributed to the observed urine retention in catheterized patients. Bedside bladder ultrasonography is routinely used in non-catheterized patients, but not in catheterized patients. The Garcia findings suggest that if dependent loops cannot be avoided in routine clinical practice and if retained urine volume is equally undesirable in catheterized and non-catheterized patients, then bedside bladder ultrasonography may also be indicated for catheterized patients. Additional study is needed to determine relationships among optimum urinary drainage, management of dependent tubing, and positioning of the urinary drainage bag with respect to the indwelling urinary catheter.
Limitations
The data collected from this prevalence study are from a single institution. However, preliminary data from an online poll conducted at the time of writing in collaboration with the Anesthesia Patient Safety Foundation appear consistent with results of our prevalence study. There is currently insufficient evidence to conclude that the presence of dependent loops is associated with retained urine volume in catheterized bladders and an increased risk for CAUTI. The clinical relevance of our prevalence study is dependent on these findings. Therefore, additional research is urgently needed to determine whether the presence of dependent loops is associated with a statistically significant and clinically relevant increase in retained urine volume in the bladder of patients with indwelling urinary catheters and whether dependent loops are associated with an increased risk of CAUTI.
Conclusions
This prevalence study clearly demonstrated the high likelihood of a dependent loop in the urine drainage tubing of patients with indwelling urinary catheters. Dependent loops frequently contained urine, which may be associated with retained urine in patients with indwelling catheters and increase their risk for development of CAUTI. Further studies are urgently needed to describe the relationship between dependent loops and bladder volume in catheterized patients. Additional study is needed to find effective solutions for the prevention of dependent loop formation or mitigation of the undesired effects of dependent loops.
FIGURE 1.
A stylized urine-filled dependent loop depicting the dimensions measured during the study.
Danek et al. Page 8
FIGURE 2.
The laser system we used for the measurement of heights without having to be in direct contact with the patient. The visible laser beam is projected on the wall in the photograph on the right. 
